
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤ ✐♥
❆❣r✐❝✉❧t✉r❛❧ ❖✣❝✐❛❧ ❙t❛t✐st✐❝s

❆♥❞r❡❡❛ ▲✳ ❊r❝✐✉❧❡s❝✉

◆❛t✐♦♥❛❧ ■♥st✐t✉t❡ ♦❢ ❙t❛t✐st✐❝❛❧ ❙❝✐❡♥❝❡s
❯❙❉❆ ◆❛t✐♦♥❛❧ ❆❣r✐❝✉❧t✉r❛❧ ❙t❛t✐st✐❝s ❙❡r✈✐❝❡

●♦✈❡r♥♠❡♥t ❆❞✈❛♥❝❡s ✐♥ ❙t❛t✐st✐❝❛❧ Pr♦❣r❛♠♠✐♥❣✦ ❲♦r❦s❤♦♣
❖❝t♦❜❡r ✷✹✱ ✷✵✶✽

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✶



❉✐s❝❧❛✐♠❡r

❚❤❡ ❋✐♥❞✐♥❣s ❛♥❞ ❈♦♥❝❧✉s✐♦♥s ✐♥ ❚❤✐s Pr❡❧✐♠✐♥❛r② Pr❡s❡♥t❛t✐♦♥
❍❛✈❡ ◆♦t ❇❡❡♥ ❋♦r♠❛❧❧② ❉✐ss❡♠✐♥❛t❡❞ ❜② t❤❡ ❯✳❙✳ ❉❡♣❛rt♠❡♥t
♦❢ ❆❣r✐❝✉❧t✉r❡ ❛♥❞ ❙❤♦✉❧❞ ◆♦t ❇❡ ❈♦♥str✉❡❞ t♦ ❘❡♣r❡s❡♥t ❆♥②
❆❣❡♥❝② ❉❡t❡r♠✐♥❛t✐♦♥ ♦r P♦❧✐❝②✳

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✷



❯❙❉❆ ◆❆❙❙ ❖✣❝✐❛❧ ❙t❛t✐st✐❝s❀ −✺✵✵ ❘❡♣♦rts ❆♥♥✉❛❧❧②

❆❣r✐❝✉❧t✉r❛❧ ▲❛❜♦r ❙✉r✈❡②

◮ ❚✐♠❡✿ ❜✐❛♥♥✉❛❧ ♦✣❝✐❛❧ st❛t✐st✐❝s ❢♦r ❢♦✉r q✉❛rt❡rs
◮ ▼❛② ✭❆♣r✐❧ ❛♥❞ ❏❛♥✉❛r②✮ ❛♥❞ ◆♦✈❡♠❜❡r ✭❖❝t♦❜❡r ❛♥❞ ❏✉❧②✮

◮ ◗✉❛♥t✐t✐❡s✿ ♥✉♠❜❡r ♦❢ ✇♦r❦❡rs✱ ❤♦✉rs✱ ✇❛❣❡ r❛t❡
◮ ♣♦✐♥t ❡st✐♠❛t❡s ♦♥❧② ✭♥♦ ♠❡❛s✉r❡s ♦❢ ✉♥❝❡rt❛✐♥t② ❝✉rr❡♥t❧②∗✮

◮ ❉♦♠❛✐♥s✿ r❡❣✐♦♥∗∗✱ ✇♦r❦❡r✲t②♣❡✱ ❢❛r♠✲t②♣❡✱ ❡❝♦♥♦♠✐❝ ❝❧❛ss✱ ✰
◮ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ✜♥❡ ❞♦♠❛✐♥s ✭❝r♦ss t❛❜✉❧❛t✐♦♥s✮

✯q✉❛❧✐t② ♠❡❛s✉r❡s ❛r❡ ♣✉❜❧✐s❤❡❞ ❢♦r s♦♠❡ s✉r✈❡② ❡st✐♠❛t❡s
✯✯❣r♦✉♣ ♦❢ ♥❡✐❣❤❜♦r✐♥❣ st❛t❡s✱ ✇✐t❤✐♥ t❤❡ ♥❛t✐♦♥

❆❝❦♥♦✇❧❡❞❣❡♠❡♥ts✿ ◆❆❙❙ ❘❉❉✱ ❙❉✱ ▼❉

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✸

https://www.nass.usda.gov/Publications/Methodology_and_Data_Quality/Farm_Labor/index.php


❋❛r♠ ▲❛❜♦r ❘❡♣♦rt
  

 

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✹

https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Farm_Labor/


❋❛r♠ ▲❛❜♦r ❖✣❝✐❛❧ ❙t❛t✐st✐❝s ✲ ❊①❛♠♣❧❡

❚❛❜❧❡ ✶✿ ❲❛❣❡ ❘❛t❡s ❜② ❚②♣❡ ♦❢ ❲♦r❦❡r ✲ ❘❡❣✐♦♥ ❛♥❞ ❯♥✐t❡❞ ❙t❛t❡s✿ ❆♣r✐❧ ✷✵✶✽

❘❡❣✐♦♥
❚②♣❡ ♦❢ ✇♦r❦❡r

❋✐❡❧❞ ▲✐✈❡st♦❝❦ ❋✐❡❧❞ ❛♥❞ ❧✐✈❡st♦❝❦ ❆❧❧

◆♦rt❤❡❛st ■ ✶✸✳✹✹ ✶✸✳✵✸ ✶✸✳✷✺ ✶✹✳✹✻
◆♦rt❤❡❛st ■■ ✶✸✳✸✼ ✶✷✳✻✽ ✶✸✳✶✵ ✶✸✳✽✾
❆♣♣❛❧❛❝❤✐❛♥ ■ ✶✶✳✽✼ ✶✶✳✽✵ ✶✶✳✽✺ ✶✷✳✻✾
❆♣♣❛❧❛❝❤✐❛♥ ■■ ✶✶✳✺✻ ✶✶✳✻✹ ✶✶✳✻✵ ✶✷✳✻✾
❙♦✉t❤❡❛st ✶✵✳✸✺ ✶✶✳✵✸ ✶✵✳✺✺ ✶✶✳✷✸
❋❧♦r✐❞❛ ✶✶✳✷✵ ✶✷✳✷✵ ✶✶✳✷✺ ✶✶✳✽✾
▲❛❦❡ ✶✷✳✷✽ ✶✷✳✹✶ ✶✷✳✸✺ ✶✸✳✵✷
❈♦r♥❜❡❧t ■ ✶✷✳✹✾ ✶✸✳✷✵ ✶✷✳✼✺ ✶✸✳✼✶
❈♦r♥❜❡❧t ■■ ✶✷✳✼✹ ✶✸✳✹✸ ✶✸✳✵✺ ✶✸✳✻✹
❉❡❧t❛ ✶✶✳✸✵ ✶✵✳✾✶ ✶✶✳✶✺ ✶✶✳✻✷
◆♦rt❤❡r♥ P❧❛✐♥s ✶✹✳✺✷ ✶✸✳✹✼ ✶✹✳✵✵ ✶✹✳✼✵
❙♦✉t❤❡r♥ P❧❛✐♥s ✶✶✳✹✵ ✶✷✳✶✸ ✶✶✳✼✺ ✶✷✳✷✻
▼♦✉♥t❛✐♥ ■ ✶✸✳✶✻ ✶✸✳✵✷ ✶✸✳✶✵ ✶✸✳✽✹
▼♦✉♥t❛✐♥ ■■ ✶✷✳✵✽ ✶✸✳✺✾ ✶✸✳✵✺ ✶✹✳✶✸
▼♦✉♥t❛✐♥ ■■■ ✶✶✳✼✼ ✶✷✳✵✾ ✶✶✳✾✵ ✶✸✳✶✸
P❛❝✐✜❝ ✶✹✳✶✻ ✶✹✳✶✵ ✶✹✳✶✺ ✶✹✳✾✼
❈❛❧✐❢♦r♥✐❛ ✶✸✳✹✺ ✶✹✳✶✺ ✶✸✳✺✽ ✶✺✳✶✵
❍❛✇❛✐✐ ✶✹✳✺✺ ✶✺✳✼✵ ✶✹✳✼✼ ✶✻✳✼✶
❯♥✐t❡❞ ❙t❛t❡s ✶✷✳✼✷ ✶✷✳✼✽ ✶✷✳✼✹ ✶✸✳✼✷

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✺

https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Farm_Labor/


▼♦❞❡❧✐♥❣ ❆❣r✐❝✉❧t✉r❛❧ ❲❛❣❡ ❘❛t❡s
❙tr❛t❡❣②
◮ ❤✐❡r❛r❝❤✐❝❛❧ ❇❛②❡s s✉❜❛r❡❛✲❧❡✈❡❧ ♠♦❞❡❧✱ ❊r❝✐✉❧❡s❝✉ ❡t ❛❧✳ ✭✷✵✶✽✮

◮ ♠♦❞❡❧ ♥✉♠❜❡r ♦❢ ✇♦r❦❡rs ❛♥❞ ❤♦✉rs ✭r❛t❡✮
♠✉❧t✐♣❧②
−−−−−→ ♥✉♠❜❡r ♦❢ ❤♦✉rs

◮ ♠♦❞❡❧ ✇❛❣❡ r❛t❡
❛❣❣r❡❣❛t❡ ✉s✐♥❣

−−−−−−−−−−−−−−→

❞❡r✐✈❡❞ ♥✉♠❜❡r ♦❢ ❤♦✉rs
❧❛r❣❡r ❞♦♠❛✐♥s

◮ ♦♥❡ ②❡❛r✱ ♦♥❡ q✉❛rt❡r✱ ♦♥❡ q✉❡st✐♦♥♥❛✐r❡ ❛♥❞ ♦♥❡ ✈❛r✐❛❜❧❡
◮ st❛t✐st✐❝❛❧ s♦❢t✇❛r❡ ❞❡✈❡❧♦♣♠❡♥ts ✐♥ ❘✱ ❘❥❛❣s ❛♥❞ ❘✷❥❛❣s

■♥♣✉t
◮ s✉❜❞♦♠❛✐♥✲❧❡✈❡❧ s✉r✈❡② s✉♠♠❛r✐❡s✿ st❛t❡ × ✇♦r❦❡r✲t②♣❡

◮ ♣♦✐♥t ❡st✐♠❛t❡s✱ ✉♥❝❡rt❛✐♥t② ♠❡❛s✉r❡s✱ r❡❛❧✐③❡❞ s❛♠♣❧❡ s✐③❡s
◮ ♣❛st ②❡❛r✱ s❛♠❡ q✉❛rt❡r✱ ♦✣❝✐❛❧ ✈❛❧✉❡s✿ st❛t❡ × ✇♦r❦❡r✲t②♣❡

◮ ♣♦✐♥t ❡st✐♠❛t❡s

❖✉t♣✉t
◮ s✉❜❞♦♠❛✐♥✲❧❡✈❡❧ ❛♥❞ ❞♦♠❛✐♥✲❧❡✈❡❧ ❡st✐♠❛t❡s

◮ ❣❡♦❣r❛♣❤②✿ st❛t❡s✱ r❡❣✐♦♥s✱ ♥❛t✐♦♥
◮ t②♣❡ ♦❢ ✇♦r❦❡rs✿ ✜❡❧❞✱ ❧✐✈❡st♦❝❦✱ s✉♣❡r✈✐s♦r②✱ ♦t❤❡r✱ ❛♥❞ ❝♦♠❜✐♥❛t✐♦♥s
◮ ♣♦✐♥t ❡st✐♠❛t❡s✱ ❞✐str✐❜✉t✐♦♥s

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✻

https://rss.onlinelibrary.wiley.com/doi/abs/10.1111/rssa.12390


❘❡s✉❧ts✿ ❖♥❡ ❨❡❛r✱ ❖♥❡ ◗✉❛rt❡r✱ ❖♥❡ ❱❛r✐❛❜❧❡
State−level Statistics for April, 2018 

 Wage Rates, Field Worker Type
E

st
im

at
es

 ±
 2

 S
E

s 
(w

he
re

 a
pp

lic
ab

le
)

Survey Estimate
Official Value
Model Estimate

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✼



❘❡s✉❧ts✿ ❖♥❡ ❨❡❛r✱ ❖♥❡ ◗✉❛rt❡r✱ ❖♥❡ ❱❛r✐❛❜❧❡✱ ❖♥❡ ❘❡❣✐♦♥
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Posterior Distributions of Wage Rates 
 April 2018, 1 Region, 2 States, 4 Worker Types

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✽



❘❡s✉❧ts✿ ❖♥❡ ❨❡❛r✱ ❖♥❡ ◗✉❛rt❡r✱ ❖♥❡ ❱❛r✐❛❜❧❡
Region−level Statistics for April, 2018 
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●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✾



❘❡s✉❧ts✿ ❖♥❡ ❨❡❛r✱ ❖♥❡ ◗✉❛rt❡r✱ ❖♥❡ ❱❛r✐❛❜❧❡
Region−level Statistics for April, 2018 

 Wage Rates, All Worker Type
E

st
im

at
es

 ±
 2

 S
E

s 
(w

he
re

 a
pp

lic
ab

le
)

Survey Estimate
Official Value
Model Estimate

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✶✵



❙✉♠♠❛r② ♦♥ Pr♦❞✉❝✐♥❣ ❘❡♣r♦❞✉❝✐❜❧❡ ❙t❛t✐st✐❝s
❚r❛♥s♣❛r❡♥❝②

◮ s♦✉♥❞ ♠❡t❤♦❞♦❧♦❣②✿ ❡①♣❧✐❝✐t ♠♦❞❡❧ ❛t ❞✐s❛❣❣r❡❣❛t❡❞ ❧❡✈❡❧s ❛♥❞
✐♠♣❧✐❝✐t ♠♦❞❡❧ ❛t ❛❣❣r❡❣❛t❡❞ ❧❡✈❡❧s

◮ ❝❧❡❛r ✉s❡ ❛♥❞ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❛✈❛✐❧❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥
◮ ❞✐str✐❜✉t✐♦♥ ♦❢ ❡st✐♠❛t❡s
◮ q✉❛♥t✐✜❛❜❧❡ ❝❤❛♥❣❡s

❈♦♥s✐st❡♥❝②

◮ ❛❣r❡❡♠❡♥t ✇✐t❤ ❝✉rr❡♥t ❡st✐♠❛t✐♦♥ ♣r♦❝❡ss
◮ ❤❛r♠♦♥② ❛♠♦♥❣ ♥❡st❡❞ ❧❡✈❡❧s✱ t②♣❡s✱ ❝❛t❡❣♦r✐❡s✱ ❞❡✜♥✐t✐♦♥s
◮ s❛♠❡ ♠❡t❤♦❞ ❢♦r ❛❧❧ st❛t❡s✱ r❡❣✐♦♥s ❛♥❞ q✉❛♥t✐t✐❡s❀ ❛❝r♦ss t✐♠❡
◮ ❝♦♠♣❛r❛❜❧❡ ♠♦❞❡❧ ❡st✐♠❛t❡s ✭▼❊✮✱ s✉r✈❡② ❡st✐♠❛t❡s✱ ♦✣❝✐❛❧ ✈❛❧✉❡s

❊✣❝✐❡♥❝②

◮ ❛❧❧ st❛t❡s ❛♥❞ r❡❣✐♦♥s ❤❛♥❞❧❡❞ ❛t ♦♥❝❡✱ ♥♦t ✐♥❞✐✈✐❞✉❛❧❧②
◮ ✐♥❝r❡❛s❡ ♣r❡❝✐s✐♦♥ ❛♥❞ ❞❡❝r❡❛s❡ r❡❧❛t✐✈❡ ✈❛r✐❛❜✐❧✐t②❀ ♠♦❞❡❧ ✈s s✉r✈❡②
◮ ❢❛st ❝♦♠♣✉t❛t✐♦♥ t✐♠❡

●❆❙P✦ ✷✵✶✽
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❆❞❞✐t✐♦♥❛❧ ◆❡❡❞s

❙✉r✈❡② ❛ttr✐❜✉t❡s

◮ ❞✐✛❡r❡♥t ②❡❛rs✱ q✉❛rt❡rs✱ ✈❛r✐❛❜❧❡s ♦❢ ✐♥t❡r❡st

◮ ❞✐✛❡r❡♥t q✉❡st✐♦♥♥❛✐r❡s ✭✷✵✶✽ ❡①♣❡r✐♠❡♥t✱ ❱✶ ❛♥❞ ❱✷✮

❯♣❞❛t❡s ✐♥ s✉r✈❡② s✉♠♠❛r②

◮ ❢r♦♠ ♦t❤❡r ❝♦❧❧❡❛❣✉❡s✴❞✐✈✐s✐♦♥s✱ ✇✐t❤✐♥ t❤❡ ❛❣❡♥❝②

▼♦❞❡❧ ✈❛❧✐❞❛t✐♦♥

◮ (✶− α)% ❈■s

◮ r❡❧❛t✐✈❡ ❞✐✛❡r❡♥❝❡s✱ ✐✳❡✳ ✭▼❊ ✲ ♦✣❝✐❛❧ st❛t✐st✐❝✮✴✭c×▼❊ ❙❊✮

◮ ♣♦st❡r✐♦r ✭♣r❡❞✐❝t✐✈❡✮ ❞✐str✐❜✉t✐♦♥s

❈♦♠♣❛r✐s♦♥ st✉❞②

◮ ♥♦♥♦✈❡r❧❛♣♣✐♥❣ (✶− α)% ❈■s ✭♠♦❞❡❧ ❛♥❞ s✉r✈❡②✮

◮ ♣♦st❡r✐♦r ❞✐str✐❜✉t✐♦♥ ♦❢ ❞✐✛❡r❡♥❝❡s✱ ✐✳❡✳ ▼❊ ❱✶ ✈s ▼❊ ❱✷

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✶✷

https://www.nass.usda.gov/Publications/Methodology_and_Data_Quality/Farm_Labor/10_2018/Ag%20Labor%20Report%20for%20April%202018.pdf


▲✐t❡r❛t❡ ❙t❛t✐st✐❝❛❧ Pr♦❣r❛♠♠✐♥❣ ✲ ❉♦♥❛❧❞ ❊✳ ❑♥✉t❤ ✭✶✾✽✹✮

Pr♦s

◮ ♦♥❡ ❞♦❝✉♠❡♥t
◮ ❞❛t❛✱ ❝♦❞❡✱ ❞♦❝✉♠❡♥t❛t✐♦♥✱ ♦r❞❡r

◮ tr❛❝❦ r❡❝♦r❞
◮ ✇♦r❦ ♣r♦❣r❡ss✱ ♦♥❣♦✐♥❣ ❝❤❛♥❣❡s✱ ♥♦ ♥❡❡❞ t♦ s❛✈❡ ♦✉t♣✉t

◮ ❧✐✈❡ ❝♦❞❡
◮ r❡s✉❧ts ❛✉t♦♠❛t✐❝❛❧❧② ✉♣❞❛t❡❞ t♦ r❡✢❡❝t ❡①t❡r♥❛❧ ❝❤❛♥❣❡s

❈♦♥s

◮ ❛ss✉♠❡ ❞❛t❛ str✉❝t✉r❡

◮ ❛ss✉♠❡ r❡❛s♦♥❛❜❧❡ ❛♠♦✉♥t ♦❢ ❞❛t❛

◮ ✐❢ ❧♦ts ♦❢ ❝♦❞❡✱ t❤❡♥ s❧♦✇❡r ♣r♦❝❡ss ✭♠❛② ❜❡ ❛✈♦✐❞❡❞ ✉s✐♥❣ ❝❛❝❤❡✮

●❆❙P✦ ✷✵✶✽
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✶✸



❘ ❑♥✐tr✿ ❝♦♠❜✐♥❡ ✭❘✮ ❝♦❞❡ ❛♥❞ ✭LaTeX ✮ t❡①t
❙♦♠❡ r❡s♦✉r❝❡s

◮ ❤♦♠❡♣❛❣❡✱ ❞❡✈❡❧♦♣♠❡♥t r❡♣♦s✐t♦r②

◮ ♦♣t✐♦♥s ♣❛❣❡✱ ❡①❛♠♣❧❡s

◮ st❛❝❦♦✈❡r✢♦✇

❊①❛♠♣❧❡ ❝♦❞❡ ❝❤✉♥❦ ♦♣t✐♦♥s

◮ ❡❝❤♦✿ s❤♦✇

◮ ✇❛r♥✐♥❣✴♠❡ss❛❣❡✴❡rr♦r✿ s❤♦✇✴st♦♣

◮ ❡✈❛❧✿ ❡✈❛❧✉❛t❡

◮ ❝❛❝❤❡✿ ❝❛❝❤❡ r❡s✉❧ts

❊①❛♠♣❧❡ ❢✉♥❝t✐♦♥s

◮ ❦♥✐t✭✮✿ ❦♥✐t ✐♥♣✉t ❞♦❝✉♠❡♥t ❛♥❞ ✇r✐t❡ ♦✉t♣✉t ✭❘❙t✉❞✐♦ r❡❝♦❣♥✐③❡s
✳❘♥✇ ✐♥♣✉t ❡①t❡♥s✐♦♥ ❛♥❞ ✳t❡① ♦✉t♣✉t ❡①t❡♥s✐♦♥✮

◮ ♣✉r❧✭✮✿ ❡①tr❛❝t ❘ ❝♦❞❡ ❢r♦♠ ❛♥ ✐♥♣✉t ❞♦❝✉♠❡♥t

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤

✶✹

http://yihui.name/knitr/
https://github.com/yihui/knitr
http://yihui.name/knitr/options
https://github.com/yihui/knitr-examples
https://stackoverflow.com/tags/knitr/


❙✐♠♣❧❡ ❊①❛♠♣❧❡s

❞♦❝✉♠❡♥t❝❧❛ss④❛rt✐❝❧❡⑥

❜❡❣✐♥④❞♦❝✉♠❡♥t⑥

❲✐❧❧ ♣r♦✈✐❞❡ s✐♠♣❧❡ ❝♦❞❡ ❝❤✉♥❦s ❛♥❞ ✐♥❧✐♥❡ t❡①t ✐♥ t❤❡

❢♦❧❧♦✇✐♥❣ s❧✐❞❡s✳

✓✔❂ ✭❘ ❝♦❞❡✮ ❅✱ ✐✳❡✳ ✓❡①❝❤✉♥❦✱❡❝❤♦❂❚❘❯❊✱❡✈❛❧❂❋❆▲❙❊✔❂

❡♥❞④❞♦❝✉♠❡♥t⑥

●❆❙P✦ ✷✵✶✽
❚r❛♥s♣❛r❡♥t ❛♥❞ ❘❡♣r♦❞✉❝✐❜❧❡ ❘❡s❡❛r❝❤
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❙✐♠♣❧❡ ❊①❛♠♣❧❡s ✷
s❡t✳s❡❡❞✭✷✵✶✽✮

① ❁✲ r♥♦r♠✭✶✵✵✱✵✱✶✮

♠① ❁✲ ♠❡❛♥✭①✮

❙❡①♣r④♠①⑥✿ ✵✳✵✷✶✶✾✶✾

s❡t✳s❡❡❞✭✷✵✶✽✮

① ❁✲ r♥♦r♠✭✶✵✵✱✵✱✶✮

♣❛r✭♠❛r ❂ ❝✭✶✱✶✱✵✳✸✱✵✳✸✮ ✰ ✵✳✶✮

❤✐st✭①✱ ❝❡①✳♠❛✐♥❂✵✳✻✱❝❡①✳❧❛❜❂✵✳✻✱ ❝❡①✳❛①✐s❂✵✳✻✱ ①❧❛❜❂✑✮

Histogram of x
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✶✻



❙✐♠♣❧❡ ❊①❛♠♣❧❡s ✸

s❡t✳s❡❡❞✭✷✵✶✽✮

♠❛t① ❁✲ ♠❛tr✐①✭r♥♦r♠✭✷✵✱✵✱✶✮✱♥r♦✇❂✹✮

❞ ❁✲ ❢♦r♠❛t❈✭♠❛t①✱✸✱ ❢♦r♠❛t❂✬❢✬✮

❜❡❣✐♥④t❛❜❧❡⑥❬❤t❪

❝❡♥t❡r✐♥❣

❜❡❣✐♥④t❛❜✉❧❛r⑥④rrrrrr⑥

❤❧✐♥❡

✫ ✶ ✫ ✷ ✫ ✸ ✫ ✹ ✫ ✺

❤❧✐♥❡

✶ ✫ ❙❡①♣r④❞❬✶✱✶❪⑥ ✫ ❙❡①♣r④❞❬✶✱✷❪⑥ ✫ ❙❡①♣r④❞❬✶✱✸❪⑥ ✫ ❙❡①♣r④❞❬✶✱✹❪⑥ ✫ ❙❡①♣r④❞❬✶✱✺❪⑥

✷ ✫ ❙❡①♣r④❞❬✷✱✶❪⑥ ✫ ❙❡①♣r④❞❬✷✱✷❪⑥ ✫ ❙❡①♣r④❞❬✷✱✸❪⑥ ✫ ❙❡①♣r④❞❬✷✱✹❪⑥ ✫ ❙❡①♣r④❞❬✷✱✺❪⑥

✸ ✫ ❙❡①♣r④❞❬✸✱✶❪⑥ ✫ ❙❡①♣r④❞❬✸✱✷❪⑥ ✫ ❙❡①♣r④❞❬✸✱✸❪⑥ ✫ ❙❡①♣r④❞❬✸✱✹❪⑥ ✫ ❙❡①♣r④❞❬✸✱✺❪⑥

✹ ✫ ❙❡①♣r④❞❬✹✱✶❪⑥ ✫ ❙❡①♣r④❞❬✹✱✷❪⑥ ✫ ❙❡①♣r④❞❬✹✱✸❪⑥ ✫ ❙❡①♣r④❞❬✹✱✹❪⑥ ✫ ❙❡①♣r④❞❬✹✱✺❪⑥

❤❧✐♥❡

❡♥❞④t❛❜✉❧❛r⑥

❡♥❞④t❛❜❧❡⑥

✶ ✷ ✸ ✹ ✺
✶ ✲✵✳✹✷✸ ✶✳✼✸✺ ✲✵✳✻✶✶ ✵✳✼✶✷ ✲✶✳✽✷✼
✷ ✲✶✳✺✺✵ ✲✵✳✷✻✺ ✵✳✻✸✼ ✲✵✳✹✹✻ ✵✳✵✶✺
✸ ✲✵✳✵✻✹ ✷✳✵✾✾ ✲✵✳✻✹✸ ✵✳✷✹✾ ✲✶✳✻✽✹
✹ ✵✳✷✼✶ ✵✳✽✻✸ ✲✶✳✵✸✵ ✲✶✳✵✼✹ ✵✳✷✵✹
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❋❛r♠ ▲❛❜♦r ❘❡♣♦rt ✉s✐♥❣ ▼♦❞❡❧✲❜❛s❡❞∗ ❊st✐♠❛t❡s
✯ ❉✉❡ t♦ ❞✐s❝❧♦s✉r❡ ❧✐♠✐t❛t✐♦♥s✱ ♦✣❝✐❛❧ ❡st✐♠❛t❡s ❛r❡ ✉s❡❞ ❢♦r ✐❧❧✉str❛t✐♦♥

❚❛❜❧❡ ✷✿ ❲❛❣❡ ❘❛t❡s ❜② ❚②♣❡ ♦❢ ❲♦r❦❡r ✲ ❘❡❣✐♦♥ ❛♥❞ ❯♥✐t❡❞ ❙t❛t❡s✿ ❆♣r✐❧ ✷✵✶✽

❘❡❣✐♦♥
❚②♣❡ ♦❢ ✇♦r❦❡r

❋✐❡❧❞ ▲✐✈❡st♦❝❦ ❋✐❡❧❞ ❛♥❞ ❧✐✈❡st♦❝❦ ❆❧❧

◆♦rt❤❡❛st■ ✶✸✳✹✹ ✭✶✳✻✽✮ ✶✸✳✵✸ ✭✶✳✺✻✮ ✶✸✳✷✺ ✭✵✳✹✶✮ ✶✹✳✹✻ ✭✵✳✺✽✮
◆♦rt❤❡❛st■■ ✶✸✳✸✼ ✭✷✳✵✾✮ ✶✷✳✻✽ ✭✶✳✹✽✮ ✶✸✳✶✵ ✭✵✳✸✼✮ ✶✸✳✽✾ ✭✵✳✹✷✮
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